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Objectives. Our aim was to analyse the relation between hospital volume and peri-operative mortality in abdominal aortic
aneurysm surgery.
Design. Systematic review.
Method. The Medline, Embase and Cochrane databases were searched to identify all population based studies reporting on
the volume outcome relationship published between 1966 and 2006. Two independent observers performed methodological
quality assessment and data extraction. Outcome was 30-day or in-hospital mortality in relation to hospital volume.
Results. Twenty-four articles were included. Overall peri-operative mortality ranged from 2.3 to 9.9%. The cut-off values
for a high- or low-volume hospital appeared to range from 8 to 50 operations annually. The peri-operative mortality in low
volume hospitals (LVH) ranged from 3.0 to 13.8% (median 6.2%) and from 1.8 to 7.4% in high volume hospitals (HVH)
(median 4.3%). In 14 studies a significantly lower mortality was found in HVH as opposed to LVH; in 10 articles no such
difference between HVH and LVH could be proved.
Conclusion. We found some evidence for a relation between the volume of AAA surgery and peri-operative mortality.
There seems to be a nonsignificant trend in favour of high volume hospitals. However we could not derive an unequivocal
volume threshold for safely performing AAA surgery.
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The incidence of abdominal aortic aneurysm (AAA) is
increasing.1 The UK Small Aneurysm trial2 and the
Aneurysm Detection AndManagement (ADAM) trial3
demonstrated that elective surgery for AAA is not
beneficial for patients with an aneurysm diameter of
<5.5 cm. Elective surgery for AAA is a high-risk surgi-
cal procedurewith considerable postoperativemorbid-
ity and mortality. In a systematic review Blankensteijn
et al. found a clear and consistent discrepancy between
reported mortality rates in population-based and
hospital-based studies.4 Whereas population-based
studies reported a 7.4% mortality rate, mortality was
as low as 3.8% in hospital-based studies. In addition,
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show great variation. The United Kingdom has a mor-
tality rate of 9%, the Netherlands and the United States
report 7% and 5% respectively.12,5,6
Peri-operative mortality is frequently used as an
indicator for quality of care. Several studies have sug-
gested that high-risk surgical procedures, such as
elective surgery for AAA, can be performed with
a lower post-operative mortality rate in high-volume
centres than in low-volume centres.9,23 This volume-
outcome effect may underline the importance of
centralisation. The Leapfrog group, a large coalition
of private and public purchasers of health insurance
that provide healthcare benefits in the United States,
was created to reduce preventable medical deaths
by launching the concept of ‘‘Evidence Based Hospital
Referral’’. Recently, this group advised the minimum
amount of elective AAA operations to be 50 proce-
dures per year. While in the United States initiatives
have been taken to centralise AAA surgery, thererved.
286 M. Henebiens et al.seems to be less enthusiasm for centralisation in Euro-
pean countries.
Before the concept of Evidence Based Hospital
Referral can be applied to AAA surgery, it is neces-
sary to prove the validity of this concept in properly
conducted studies. We performed a systematic
review of the literature to analyse whether there is
a relation between peri-operative mortality and hos-
pital volume.
Methods
Data sources
Two authors (M.H. and M.J.W.K.) independently
performed a search of the Medline and Embase
databases (1966 until May 2006) and the Cochrane
Library. Search algorithms combined the medical
subject heading (MeSH) terms and key words ‘‘Aor-
tic Aneurysm, Abdominal’’, ‘‘Surgery’’, ‘‘Surgical
Procedures, Operative’’, ‘‘Hospital Mortality’’ and
‘‘Indicator’’. Combinations of these terms were
used depending on the requirements of the data-
base. We also used the ‘‘related articles’’ feature in
PubMed. We did not use a language restriction. Ref-
erence lists of retrieved articles were used to com-
plete our search. We did not systematically search
for unpublished data or abstracts, nor did we con-
tact leading authors in the field to retrieve more
papers.
Study selection
Two authors (M.H. and M.J.W.K.) selected articles
based on titles and abstracts from the search. Then
the same two authors confirmed the eligibility of
the identified studies by reading the entire articles.
All studies comparing 30-day or in-hospital mortal-
ity rates of patients undergoing elective AAA sur-
gery in hospitals with different volumes were
considered for inclusion. The cut-off value used
for the definition of high- and low-volume hospitals
was not a reason for exclusion. Reports on results
from federal discharges, insurance companies, na-
tional vascular registries and national or regional
databases were included. Reports on results from
single institutions were not included. In addition,
we excluded duplicate publications or publications
reporting repeatedly on the same study population.
Articles on surgery for ruptured AAA were also ex-
cluded. Disagreements were resolved by discussion.Eur J Vasc Endovasc Surg Vol 33, March 2007Methodological quality assessment and data extraction
Assessment of methodological quality of the included
studies and data extraction was done independently
by the same two observers. We examined all articles
on the presence of selection bias and information
bias and whether correction for confounding variables
had been performed. Selection bias and information
bias mostly affect the reliability of observational stud-
ies. We considered selection bias to be present if
restrictions for inclusion were made for age, sex, geo-
graphical area, type of hospital, or when aorto-iliac or
aorto-femoral bypass operations were included or
when it was not clear which ICD-9 codes had been
used. Information bias was defined as the presence
of possible inconsistencies of the registries used. Dif-
ferences in case-mix may lead to differences in out-
come. We considered whether individual studies
had corrected for confounders such as surgeon
volume, age, sex and co-morbidities. All studies were
assigned an evidence level according to the guidelines
of the Centre for Evidence-Based Medicine.7 Discrep-
ancies in methodological judgement were resolved by
discussion.
Data on author, publication year, type of registry,
time frame, geographical region, number of patients,
and age and gender of the patients if possible, were
extracted from the included studies. Cut-off values
used as definition of high- and low-volume hospitals
were extracted from all studies if possible. Some stud-
ies compared multiple cut-off values; in these cases
we noted all values. When more than one cut-off value
was given, we used the lowest value in the analysis
to show the maximum possible difference in peri-
operativemortality related tohospital volume.Mortality
rate was preferably defined as in-hospital mortality, but
some studies reported 30-day mortality only. This was
not a reason for exclusion, butwe used 30-daymortality
in suchcases.Wepreferred toabstract rawdata, butused
mortality rates if such data were not given. Data were
considered missing if they were not in a table, or men-
tioned explicitly in the text.
Analysis
We planned to pool the raw data if throughout the
studies only one cut-off value was used. If more
than one cut-off value was used in a study or between
studies we planned to perform a sensitivity analysis
to examine possible differences, and to determine if
the outcome varied with a change in the cut-off value.
However, studies providing raw data were scarce.
We then explored the effect of volume on mortality
by separating the respective volumes in the lowest
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and by separating the highest extreme versus all other
volume categories, and calculated the respective dif-
ferences in operative mortality rates between the
thus formed categories. When raw data were given
we were able to calculate actual aggregate rates,
when these were not given we calculated the mean
of mortality rates. The results were plotted as volume
(i.e. cut-off point) versus difference in mortality rate.
Finally, we plotted the highest and the lowest vol-
umes of the studies that provided multiple cut-off
points against the corresponding mortality rates. We
performed a linear regression analysis to determine
the association between volume and (difference in)
mortality rate between the thus formed volume cate-
gories. All analyses were done with SPSS for Win-
dows version 12. A p-value< 0.05 was considered
significant.
Results
From a total of 956 studies identified by our search, 36
articles were potentially relevant for our systematic
review and were all read in full. Three studies were
excluded because they reported repeatedly on the
same study population,8e10 three because these stud-
ies used hospital type rather than providing cut-off
values.11e13 One study was excluded because it pub-
lished about the effect of surgeon volume instead of
hospital volume.14 One study was excluded because
they only reported on the length of stay in relation
to hospital volume and did not mention mortality
rates.15 One study was excluded because they re-
ported on the impact of hospital volume on racial
disparities in cardiovascular procedure mortality.16
Finally three systematic reviews were excluded be-
cause they did not report original data.17e19
The remaining 24 studies in which a total of 821 810
patients were evaluated, had a sample size of 279 to
474 108 patients per study. All patients underwent
elective AAA surgery between 1980 and 2003. Nine-
teen studies were performed in the United Sates,
3 in Canada and 2 in Europe. Data were obtained
from health insurance databases, governmental regis-
tries, university hospitals or vascular registries. All
studies, except 6 reported in-hospital mortality rather
than 30-day mortality,1,20e22,44,47 another 3 studies
used both in-hospital and 30-day mortality.23e25 We
used the in-hospital mortality in these studies for
further analysis.
Table 1 lists all characteristics of the included stud-
ies. The methodological quality of the studies was
variable. Selection bias was present in 16 studies,
definite or possible information bias was present in12 studies and 14 studies corrected their results for
confounding. All studies were assigned evidence level
2B. Only one study analysed a random sample of
patients to check for consistency between the hospital
files and the database used for their study.26 They
reported a misclassification rate of 6.7%. All studies,
except one,23 were of retrospective design.
In Table 2, the cut-off values and mortality rates are
listed, including the low- and high-volume hospital
mortality rates. In most of the studies, cut-off values
for low- or high-volume hospitals were determined
retrospectively and varied from 8 to 50 procedures
annually. The overall mortality rates showed a great
variation, ranging from2.3 to 9.9%. Peri-operativemor-
tality in low-volume hospitals ranged between 3.0 to
13.8%,with amedian of 6.2%. In high-volume hospitals
these rates varied from 1.8 to 7.4% with a median of
4.3%. Fourteen out of 24 studies found a statistically
significant volume-outcome effect in favour of high-
volume hospitals, predominantly between the lowest
and highest volume. In these 14 studies a moderate
effect was found on mortality, most often reported as
odds ratios (Table 2). In 10 studies a significant differ-
ence between low and high volume hospitals could
not be found.
Unfortunately, only 5 studies (22%) reported, or
permitted calculation, of raw data. As a consequence
we could not perform a meta-analysis. Table 3 shows
the multiple cut-off values reported in the articles
related to their peri-operative mortality rates. Sixteen
studies provided mortality rates with respect to hospi-
tal volume. These studies were used to explore the
effect of volume and differences in mortality. As can
be seen in Figs. 1e3, there seemed to be a persistent
2% difference in mortality in all analyses in most
of the studies. Regression analysis showed a weak,
non-significant inverse relationship between hospital
volume and difference in mortality rate (Figs. 1e3).
Discussion
Our systematic review of mainly North American and
Canadian studies shows some evidence for a relation
between hospital volume and mortality rates after
surgery for AAA. In 14 studies an inverse relation
between the annual number of AAA operations and
peri-operative mortality rate was shown. However,
this difference in mortality was only moderate;
around 2% in almost all studies. In 2 studies the dif-
ference between mortality in HVH and LVH was
greater, almost 4 and 8 percent, respectively.20,23 This
larger effect may be caused by the small sample size
of the studies. In 10 studies no significant relationshipEur J Vasc Endovasc Surg Vol 33, March 2007
288 M. Henebiens et al.Table 1. Characteristics of Included Studies
Reference Year of
Publication
Study
Period
Included
Patients
Country/State Data Source Mortality rate Methodology
A. B. C.
Amundsen
et al.23
1990 1 year 279 Norway:
nationwide
Norway In hospital/
30-day
1 0 0
Katz
et al.27
1994 1980e1990 8185 USA: Michigan Michigan Inpatient
Database
In hospital 1 0 1
Wen
et al.35
1996 1988e1992 5837 Canada: Ontario Hospital Medical
Records Institute
In hospital 0 0 1
Kazmers
et al.36
1996 1991e1993 3419 USA:
nationwide
Veterans Affairs (VA)
hospitals
In hospital 1 0 1
Kantonen
et al.1
1997 1991e1995 929 Finland:
nationwide
Finnvasc, nationwide
vascular registry
30-day 0 0 1
Manheim
et al.37
1998 1982e1994 35130 USA: California Office of Statewide
Health, Planning
and Development
(OSHPD)
In hospital 0 0 0
Sollano
et al.38
1999 1990e1995 9847 USA: New York
State
Statewide Planning
and Research Cooperative
System (SPARCS)
In hospital 1 2 0
Dardik
et al.26
1999 1990e1995 2335 USA: Maryland Health Services
Cost Review Commission
(HSCRC)
In hospital 0 0 1
Pearce
et al.31
1999 1992e1996 13415 USA: Florida Florida Agency
for Health Care
Administration (FAHCA)
In hospital 0 0 0
Lawrence
et al.39
1999 1994e1994 32389 USA:
nationwide
National Hospital
Discharge Survey (NHDS)
In hospital 0 0 0
Khuri
et al.20
1999 1991e1993 3767 USA:
nationwide
Veterans Affairs (VA)
hospitals
30-day 1 2 1
Birkmeyer
et al.24
2002 1994e1999 140577 USA:
nationwide
Medicare Provider
Analysis and Review
(MEDPAR)
In hospital/
30-day
1 2 1
Dimick
et al.32
2002 1994e1996 2987 USA: Maryland Uniform Health
Discharge Data Set
(UHDDS)
In hospital 1 1 1
Dimick
et al.40
2002 1996e1997 13387 USA:
nationwide
National Inpatient
Sample (NIS)
In hospital 1 2 1
Elixhauser
et al.41
2003 2000e2000 31482 USA:
nationwide
National Inpatient
Sample (NIS)
In hospital 0 2 0
Birkmeyer
et al.25
2003 1998e1999 474108 USA:
nationwide
Medicare Provider
Analysis and Review
(MEDPAR)
In hospital/
30-day
1 0 1
Urbach
et al.21
2003 1994e1999 6279 Canada: Ontario Canadian Institute
for Health
Information (CIHI),
Ontario Registered
Persons Database
(ORPD)
30-day 1 1 1
Christian
et al.28
2003 1999e2000 9869 USA academic
centers
University Health
System Consortium
(UHC)
In hospital 1 2 1
Dimick
et al.30
2003 1997e1997 3912 USA:
nationwide
National Inpatient
Sample (NIS)
In hospital 1 1 1
Dimick
et al.42
2004 2000e2000 USA:
nationwide
National Inpatient
Sample (NIS)
In hospital 1 0 0
Ward
et al.43
2004 2001 491 USA: Iowa Iowa State
Inpatient Dataset
In hospital 1 2 0
Webster
et al.22
2005 1998e1999 12221 Canada:
nationwide
Canada 30-day 0 2 0
2003e2004
Rigberg
et al.44
2005 1995e1999 9778 USA: California Office of Statewide
Health, Planning
and Development
(OSHPD)
30-day 1 0 0
Bush
et al.47
2006 2001e2003 1187 USA:
nationwide
Veterans Affairs
(VA) hospitals
30-day 1 0 0
A. Informationbias B. Selectionbias C. Confounding. 0. No 1. Yes 2. not clear.Eur J Vasc Endovasc Surg Vol 33, March 2007
289Relation Between Hospital Volume and Outcome of Elective Surgery for AAATable 2. Hospital Volume Data and Mortality Rates of the Included Studies
Reference Cutoff
value
Overall
mortality (%)
LVH
mortality (%)
HVH
mortality (%)
Volume Outcome
Effect Present
Odds Ratio
Amundsen et al.23 10 7.5 13.8 5.7 Yes 2.7
Katz et al.27 21 7.5 8.9 6.2 Yes 1.2
Wen et al.35 10 3.8 4.6 3.8 No
Kazmers et al.36 32 4.9 6.7 4.2 Yes
Kantonen et al.1 15 5.1 NS NS No
Manheim et al.37 20 7.6 NS NS Yes
Sollano et al.38 NS 5.5 NS NS Yes 0.78
Dardik et al.26 8 3.5 4.3 2.5 No 2.1
Pearce et al.31 NS 5.7 NS NS Yes 0.88
Lawrence et al.39 NS 8.4 NS NS No
Khuri et al.20 NS 4.7 NS NS No
Birkmeyer et al.24 17 5.7 7.8 5.2 Yes
Dimick et al.32 36 7.0 8.0 5.6 No
Dimick et al.40 30 3.8 4.7 3.1 Yes
Elixhauser et al.41 31 6.4 7.1 5.9 No
Birkmeyer et al.25 50 4.9 5.4 4.3 Yes
Urbach et al.21 22 4.2 4.8 3.2 Yes 1.5
Christian et al.28 15 9.9 NS NS Yes
Dimick et al.30 35 4.2 5.6 2.5 Yes
Dimick et al.42 NS 3.9 NS NS No
Ward et al.43 50 8.9 9.6 7.4 No 0.68
(0.26e1.81)
Webster et al.22 NS 2.3 3.0 1.8 No
Rigberg et al.44 16 4.0 NS NS Yes 1.71
Bush et al.47 10 4.7 NS NS Yes 1.89
NS indicates not stated in article.between volume and outcome could be demon-
strated. We would have preferred to do a meta-regres-
sion analysis, but unfortunately this was obstructed
by the lack of raw data provided in the included
studies. In our sensitivity analysis with 16 of the 24 in-
cluded studies, we could not find a significant linear
relationship between hospital volume and difference
in mortality. The value of this linear regression analy-
sis is limited as the assumption of a linear relationship
between volume and outcome may be incorrect. In
a recent publication Jiwabi et al. suggested a parabolic
relationship between volume of AAA surgery and
outcome.48
Although fourteen studies reported a significant
volume outcome effect, only 6 studies provided the
magnitude of this effect, mostly expressed as odds
ratios. Reporting effect size as odds ratios is the conse-
quence of using regression techniques. However, the
odds ratio may be a bit difficult to interpret, regarding
the actual increased risk of death from AAA surgery.
To estimate the real effect on mortality one should
relate the odds ratio to the baseline risk of death
from the operation. In addition, the increased odds
of mortality were only moderate in the studies show-
ing a significant volume-outcome effect. This, and the
fact that the baseline risk of death is not very high
(median HVH 4.3% median LVH 6.2%), may make it
difficult to identify hospitals that have a significantly
higher mortality than the bench mark.42The Leapfrog group has advised a minimum of 50
AAA operations annually for safely performing AAA
surgery. We were not able to derive an unequivocal
cut-off point from the studies that were included in
our systematic review.
Results from studies that use registries as data
sources are as robust as the sources they study. Little
is known about the reliability of the used registries. It
might be possible that these registries are subject to
administrative imperfections, because of inaccuracies
in coding and data entry. Information bias may occur
when registries cannot differentiate between surgery
for ruptured and elective AAA surgery. In an audit
of a UK registry, Rigby et al. found that 21.4 per cent
of elective aortic cases were probably emergencies
and 26 per cent of probable ruptured aneurysms
were not coded as a vascular emergency.29 The only
study that checked the consistency of the database
found a 6.7% rate of miscoding.26 In addition, differ-
ences in proportions of patients in high- or low
volume hospitals treated with endovascular AAA sur-
gery, which carries a lower risk of mortality, could
also cause differences in mortality rates according to
hospital type. This is illustrated by Bush et al. who
found that patients operated in LVH were more likely
to undergo open repair.47 We could not verify if endo-
vascular surgery for AAAwas coded separately in the
other studies. One way of improving the reliability of
the databases could be initiatives such as the VeteransEur J Vasc Endovasc Surg Vol 33, March 2007
290 M. Henebiens et al.Affairs’ National Surgical Quality Improvement Pro-
ject (NSQIP) in the US. This data system overcomes
the limitations of administrative databases because it
is based on clinical data collected by trained nurses.45
A limitation of our study is that we did not explore
the possibility of publication bias, nor that we attemp-
ted to estimate its influence on the observed differ-
ences in outcome between low-volume hospitals and
high-volume hospitals. It is well known that studies
describing statistically non-significant correlations
are submitted for publication less frequently.
The American Medical Association has produced
a definition for high-quality care, saying it is care
‘‘which consistently contributes to the improvement
or maintenance of quality and/or duration of life’’.
According to the Donabedian Model, quality of care
involves three areas: structure, process and outcome.
One of the important ways that surgeons have
Table 3. Studies with Multiple Cutoff Values and Mortality Rates
Reference Multiple Cutoff
values
Mortality (%)
Amundsen et al.23 10 13.8
30 7.3
40 6
>40 2.2
Wen et al.35 10 4.6
20 4
40 3.8
>40 3.5
Manheim et al.37 20 7.2
50 5
>50 5.2
Dardik et al.26 8 4.3
17 4.2
>17 2.5
Khuri et al.20 3 8.2
6 5.3
10 4.4
>10 4.6
Birkmeyer et al.24 17 7.8
30 5.9
49 5.2
79 5.3
>79 4.4
Dimick et al.32 20 8.7
36 8
>36 5.6
Urbach et al.21 22 4.8
42 5.4
93 3.3
>93 3.2
Webster et al.22 19 3
34 3
52 2.2
83 2.4
>84 1.8
NS indicates not stated in article.Eur J Vasc Endovasc Surg Vol 33, March 2007attempted to measure quality of care is through the
use of risk-adjusted outcomes. The problem with
measuring outcomes is that it only demonstrates
that there are problems, but it does not tell you how
to solve these problems.46 Our analysis shows limita-
tions of using hospital volume as sole indicator of
quality of care. Quality of care is also dependent on
other factors, such as hospital related factors (infra-
structure), surgeon’s experience (surgeon volume
and certification), pre-clinical factors (ambulance
nursing and referral patterns), clinical factors (espe-
cially co-morbidity) and population based factors
(age and sex). We found some evidence in literature
that underlines the existence of a relation between
these factors, reflecting the process, and outcome of
care.8,21,25,30e33 So, besides hospital volume, it would
be worthwhile comparing the processes in hospitals.34
In conclusion, we found some evidence for a rela-
tion between the hospital volume of AAA surgery
and peri-operative mortality. There seems to be a non-
significant trend in favour of high volume hospitals.
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Fig. 1. Regression analysis of studies with multiple cut-off
points, where the lowest volume cut-off point (X-axis) is
plotted against the difference in mortality in patients
in the lowest volume category against all other categories
(Y-axis). b¼0.274 p¼ 0.305.
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Fig. 2. Regression analysis of studies with multiple cut-off
points, where the highest volume cut-off point (X-axis) is
plotted against the difference in mortality in patients in
the highest category against all other categories (Y-axis).
b¼0.291 p¼ 0.274.
291Relation Between Hospital Volume and Outcome of Elective Surgery for AAAHowever we could not derive an unequivocal volume
threshold for safely performing AAA surgery. In addi-
tion, it is uncertain if these results, mainly based on
American and Canadian articles, can be extrapolated
to the European situation.
Appendix
Supplement Search Strategy
(‘‘Aortic Aneurysm, Abdominal’’[MeSH] OR ‘‘Aortic
Aneurysm’’[MeSH] OR ‘‘Aorta, Abdominal’’[MeSH])
* (‘‘Surgery’’[MeSH] OR ‘‘surgery’’[Subheading] OR
‘‘Surgical Procedures, Operative’’[MeSH]) AND
(‘‘Hospital Mortality’’[MeSH] OR volume [textword]
OR indicator [textword]).
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